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METHODS OF PREVENTING AND TREATING RESPIRATORY VIRAL 
INFECTION USING IMMUNOMODULATORY POLYNUCLEOTIDE 

SEQUENCES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims tiie pnonty benefit of U.S. Provisional application 
60/188,583, fQed March 10, 2000, which is hereby incorporated herein by reference in its 
entirety. 



TECHNICAL FIELD 
The inventian is in the field of immunostimulatory poynucleotides, more • 
particularly Hieir use in ameUorating or preventing respiratory viral infection and symptoms 
of respiratory viral infection. 

BACKGROUND ART 
Despite massive research efforts to find cures, reg)iratory vims infection remains a 
major health problem worldwide. Influen2a and rhinovirus are causative agents for flu and 
common cold, respectively, lead to significant lost productivity annually as well as 
discomfort and even death due to illness. While many over-the-counter remedies are 
available, these drugs merely treat symptoms, often with only limited success, leaving the 
patient still debilitated firan the infection. Respiratory syncytial virus (RSV) is a leading 
cause of serious lower respiratory tract infections and children under two years and has 
more recently been identified as an important cause of lower respiratory tract infection in 
adults. No vaccines are currently available for preventing RSV infection. The only 
antiviral currently ^oved for treatinent of the disease, ribavirin, suffers fiom the 
drawbacks of being Kcensed only for administration as continuous small particle aerosol 
and being a potential teratogen. A challenge fadng treatment of these infections is to 
discover an anti-viral agent which efiectivdy si^presses viral infection, ^e not 
producing mqileasant and unacceptable side-effects. 

Administration of certain DNA sequences, generally known as immunostimulatory 

sequences or "ISS," induces an immune reqjonse with a Ihl-type bias as indicated by 
secretion of Thl -associated cytokmes. The Thl subset of helper cells is responsible for 
classical ceU-mediated fimctions such as delayed-type hypersensitivity and activation of 
cytotoxic T lymphocytes (CTLs), whereas the Th2 subset functions more e&ctively as a 
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helper for B-cell activatioiL The tj^e of inunuQe response to an antigen is generally 
inflnenced by the cytokines prodxiced by th^ DifTerences in 

the cytokines secreted by Thl and Th2 cells are believed to reflect different biological 
fimctions of these two subsets. See, for example, Romagnani (2000) Ann. Allergy Asthma 
5 Immunol 85:9-18. 

Administration of an immunostimnlatory polynucleotide ^th an antigen results in a 
Thl-type immune response to the administered antigen. Roman et al. (1997) Nature Med 
3:849-854, For example, mice inject^ intradermally with Escherichia coli (E. coli) 
p-galactosidase (p-Gal) in saline or in the adjuvant alimi responded by producing specific 

10 IgOl and IgE antibodies, and CD4^ cells that secreted IL-4 and IL-5, but not IFN-y, 
dcmonstradng that the T cells were predominantiy of the Th2 subset However,mice 
tnj ected intradermally (or with a tyne skin scratch applicator) with plasmid DNA (in saline) 
encoding p-Gal and containing an ISS responded by producing IgG2a antibodies and CD4^ 
cells that secreted IFN-7, but not IL4 and IL-5, demonstrating that the T cells were 

1 5 predominantly of the Thl subset Moreover, specific IgB production by the pla^d DNA- 
mjected mice was reduced 66-75%. Raz et at (1996) Proc. Natl Acad. Set USA 93:5141- 
5145. In general, the response to naked DNA immtmization is characterized by production 
of IL-2, TNFa and IFN-y by antigen-stimulated CD4* T cells, \^ch is indicative of a Thl- 
typeresponse* Thisispaiticdarlyimportantintreatment of aUea:gy andastlmm 

20 by the decreased IgiE production. The ability of immunostimulatoiypolyimcleotides to 

stimulate a Thl ^type immune response has hem demonstrated with bacterial antigens, viral 
antigens and with allergens (see, for exsanple, WO 98/55495). 

Other references describing ISS mclude: Krieg et al. (1989) X Immunol 143:2448- 
2451; Tokunaga et al. (1992) Mcrobiol Anmunol 36:55-66; Kataoka et al. (1992) J^k 1 

25 Cancer Res. 83:244-247; Yamamoto et al. (1992) J. Immunol 148:4072-4076; Mojcik et 
al. (1993) Clin, bnmuno. and Immunopathol 67:130-136; Brandaet al. (1993) Biochem. 
Pharmacol 45:2037-2043; Pisetsky et al. (1994) Life Sci 54(2):101-107; Yamamoto et al. 
(1994a) Antisense Research and Development. 4:1 19-122; Yamamoto et al. (1994b) J^n. J. 
Cancer Res. 85:775-779; Razetal. (1994) iVoc, Natl Acad Sci USA 91:9519-9523; 

30 Kimum et al. (1994) J. Biochem. (Toiyo) 1 16:991-994; Krieg et al. (1995) Nature 374:546- 
549; Pisetsky et al. (1995) Ann. NT Acad Sci. 772:152-163; Pisetsky (1996a) J. Immunol 
156:421-423; Pisetsky (1996b) Immunity 5:303-310; Zhao et aL (1996) Biochem. 
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Pharmacol 51 :173-182; Yi et al. (1996) J. Immunol 156:558-564; Krieg (1996) Trends 
Microbiol 4(2):73-76; Krieg et al. (1996) Antisense Nucleic Acid Drug Dev. 6:133-139; 
Klinman et al. (1996) Proc. Natl Acad ScL USA. 93:2879-2883; Raz et al. (1996); Sato et 
al. (1996) Science 273:352-354; Stacey et al. {1996) J. Immunol 157:2116-2122; Ballas et 
al. (1996) J. Immunol 157:1840-1845; Bianda et al. (1996) J. Lab. Oin. Med 128:329^ 
338; Sonehata et al. (1996) J. Interferon and Cytokine Res. 16:799-803; Klinman et aL 
(1997) J. Immunol 158:3635-3639; Sparwasser et al. (1997) Eur. J. Immunol 27:1671- 
1679; Roinan et aL (1997); Caison et al. (1997) J Med 186:1621-1622; CSiace et al. 

(1997) a&t Immunol and bnmunopathol 84:185-193; dm etal. (1997) j: J5g?. Med 
186:1623-1631; Lipfard et al. (1997a) Eur. J. Immunol 27:2340-2344; Lipford et al. 
(1997b) Eur. J. Immunol 27:3420-3426; Weiner et al. (1997) Proc. Natl Acad ScL USA 
94:10833-10837; Macfedane et al. (1997) /wwiOTofogy 91:586-593; Schwartz etal (1997) 
J. Oin. htvest. 100:68-73; Stein et al. (1997) Antisense Technology, Ch. 1 1 pp. 241-264, C. 
Lichtenstein and W. NeUen, Eds., IRL Press; Wooldridge et al. (1997) Blood 89:2994- 
2998; Leclerc et al. (1997) Cell Jbnmunol 179:97-106; Kline et aL (1997) J Invest. Med 
45(3)'2S2Ai YietaL(1998a) J. Immunol 160:1240-1245; Ti et aL (1998b) J: Immunol 
160:4755-4761; Yi et al. (1998c) J. Immunol 160:5898-5906; Yi et al. (1998d) J. Immunol 
161:4493-4497; Krieg (199ft) Aj^lied Antisense Oligonucleotide Technology Ch. 24, pp. 
43 1-448, C.A. Stein and A.M. Krieg, Eds., Wey-Liss, Inc.; Krieg et aL (1998a) Trends 
Mwrobiol 6:23-27; Krieg et aL (1998b) ^ Immunol 161:2428-2434; Krieg et al. (1998c) 
Proc. Natl Acad ScL USA 95:12631-12636; Spiegelberg et al. (199%) Allergy 53(45S):93. 
97; Homer et aL (1998) Cell Immunol 190:77-82; Jakob et al. (1998) J. Immunol 
161:3042-3049; Redford et aL (1998)/. Immunol 161:3930-3935; Weeratna et aL (1998) 
Antisense & Nucleic Acid Drug Development 8:351-356; McCluslde et al. (1998) J. 
Inmunol 161(9):4463-4466; Gramzinski etaL (1998)M>/. Med 4:109-118;Liu etaL 

(1998) Blood 92:3730-3736; Moldoveanu et al. (1998) Vaccine 16: 1216-1224; Brazolot 
AClan et al. (1998) Proc Natl Acad Sci, USA 95:15553-15558; Briode et aJ. (1998) J. 
Immunol l6l:7054-7Q62;Bnodeetal.(l999)Int. Arch. Allergy Immunol 118:453^56; 
Kovarik et aL (1999) J. Immunol 162:161 1-1617; Spiegelberg et aL (1999) Pediatr. 
Pulmonol Suppl 18:118-121;Martin-Orozco etaL (1999) Miwrnuwi 11:1111-1118; 
EP 468,520; WO 96/02555; WO 97/28259; WO 98/16247; WO 98/18810; WO 98/37919; 
WO 98/40100; WO 98/52581; WO 98/55495; WO 98/55609 and WO 99/11275. See also 
Elkins et al. (1999) J. Immunol 162:2291-2298, WO 98/52962, WO 99/33488, WO 
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99/33868, WO 99/51259 and WO 99/62923, See also Zunmermann et al. (1998) J. 
Immunol 160:3627-3630; Krieg (1999) Trends Mcrohiol 7:64-65; U.S. Patent Nos, 
5,663,153, 5,723^35, 5,849,719 and 6,174,872. See also WO 99/56755, WO 00/06588, 
WO 00/16804; WO 00/21556; WO 00/67023 and WO 01/12223. 
5 There lemains a senous need to develop ^ective &eF^ies ^nd preventive 

strategies for respiratory viruses. 

AH publications and patent applications cited herein are hereby incorporated by 
reference in ttieir entirety. 

10 DISCLOSURE OF THE INVENTLON 

The invention provides mediods of suppressing, ameliorating, and/or preventing 
viral infection by a respiratory virus in an individual (either before or after exposure or 
infection) using immunostimulatoiy polynucleotide sequences. Accordingly, in one aspect 
the invention provides methods of preventing, palliating, ameliorating, reducing and/or 

1 5 eliminating one or more symptoms of respiratory virus infection vdthout administering a 
respiratory virus antigen. A polynucleotide comprising an immnnostimuiatory sequence 
(an 'ISS") is administered to an individual vAio is at risk of being exposed to respiratory 
virus, has been e>905ed to respiratory vinis or is infected Tvithr^ ThelSS- 
containing polynucleotide is administered ^vithout any respiratory virus antigens (/.e., 

20 respiratory virus antigen is not co-adtoinistered). Administration oftfaeISS results in 

reduced incidence and/or severity of one or more symptoms of respiratory virus infection. 

In one embodiment, the invention provides methods of preventing a symptom of 
respiratory virus infection in an individual at risk of being exposed to a respiratory virus 
which entail administering an effective amount of a composition comprising a 

25 polynucleotide comprising an inamunostimulatQry sequence (ISS) (i. an amount of the 
composition sufficient to prevent a syniptom of respnatory virus m&ction) to the 
individual, vAerein the ISS comprises the sequence 5'-C, G-3* and wherein respiratory 
virus antigen is not administered in conjunction with administration of the composition 
(£e., antigen is not administered with the ISS-containing polynucleotide), tiiereby 

30 preventing a symptom of respiratory virus infection. 

Another embodiment of fiie invention provides methods of preventing a symptom 
of respiratory virus infection in an individual winch ratail administering an effective 
amoimt of a composition comprising a polynucleotide conqxrising an ISS to the individual. 
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wherein the ISS comprises the sequence 5'-C, G-3' and vfbsr&n lespiTatory virus antigen is 
not adniimsttaBd in conjunction with administration of the composition, thereby preventing 
a symptom of respiratory virus infection. The individual may have been exposed to or 
infected by a zespiratoiy virus. 

. 5 Another embodiment oftiie invention provides rnethods of siippressing a reqaratory 

virus infection in an individual which entail admmistering a conqwisition comprising a 
polynucleotide comprising an ISS to flie individual in an amount sufficient to reduce viral 
titer of the respiratory virus in a biological sample fiom the individual, wherem the ISS 
comprises the sequence S'-C, G-3* and wheran respkatory vkas antigen is not 

10 adminisfered in conjunction wifli administration of the composition, fliereby si^jpressing a 
respiratory virus infection. The mdividual may have been e3q)osed to or m^ be infected by 
a respiratory virus. 

In another embodimCTt, the invention provides methods of reducing severity of a 
symptom of tespiratoiy virus infection in an individual which entail administering an 
15 eEfective amount of a con^josMon comprising a polynucleotide comprising an ISS to the 
individual, wherein the ISS comprises the sequence 5*< G-3' and wherein respiratory 
virus antigen is not admmistered m conjunction with administration of the composition, 
thereby reducing severity ofa symptom ofrespiratory virus infection. The individual may 
be ejcposed to, at risk of ejcposure to, or infected by a respiratory virus. 
20 In another embodiment, the invention provides metiiods of delaying development of 

a symptom of respiratory vims mfection in an mdividual which entaU adnihu^^ 
efifective amount ofa composition comprismg a polynucleotide comprising an ISS to the 
hidividual, wherem the ISS comprises the sequence 5'-G, G-3' and wherem respiratory 
virus antigen is not administered in conjunction with admmisttation of the composition. 
25 thereby delaymg development ofa synqrtom ofrespiratory virus infection. 

In another embodiment, the invention provides methods of reducmg duration of a 
respiratory virus infection in an individual which entail administering effective amount ofa 
composition comprismg a polynucleotide comprising an ISS to the individual, wherein tiie 
ISS comprises the sequence 5'-C, G-3» and T\4ierein respiratory virus antigen is not 
administered m conjunction with administration of the composition, thereby reducing 
duration of a respiratory virus infection. The individual may be ej^osed to, at ride of 
closure to, or infected by a respiratory virus. 



30 
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In fiirdier aspect, the inventioii provides kits for use in accordance vnUx the methods 
of the invention. Accordingly, another embodiment of the invention provides kits for use 
in ameliorating and/or preventing a symptom of respiratory virus infection in an individual 
infected vdth» exposed to or at risk of bemg exposed to a resphatory virus. The kits 
comprise a composition comprising a polynucleotide comprising an ISS, wherein the ISS 
comprises the sequence 5'-C, wherein the kit does not comprise a respiratory virus 
antigen, and wherein the kits comprise instructions for administration of the conrposition to 
an individual infected with, exposed to or at risk of being exposed to a respiratory virus. 

In some embodiments of the methods and kits of the invention, the ISS comprises 
the sequence 5'-purine, purine, C, G, pyrimidme, pyriznidine, C, G-3* or 5'-purine, purine, 
C, G, pyrimidine, pyrimidine, C, 0-3\ In further embodiments of the methods and kits, the 
ISS comprises a sequence selected fiom the group consisting of AACGTTCC, 
AACGTTCG, GACGTTCC and GACGTTCa 

In some embodiments of the methods and kits of the invention, the ISS comprises 
the sequence S'-T, C, G-3'. In some mbodiments of the methods and kits of the invention, 
the ISS comprises the sequence 5'-TGACTGTGAACGTTCGAGATGA-3' (SEQ ED 
NO:l), 

In some embodiments of the methods and kits of Ihe invention, the individual is a . 
mammal, hi further embodiments, the mammal is human. 

In some embodiments of the methods and kits of the invention, die respiratoiy virus 
is resphatory syncytial vhrus(RSV). In oth^embodim^itsof^ methods and kits of the 
mvention, the respiratory virus is adenovirus. In other embodiments of the mefliods and 
kits of the invention, the respiratory virus is rhinovnus. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a bar gr^h depictmg hmg RSV titer in rats which received intranasally: 
PBS (fiurst bar); ISS three days before viral infection (second bar) non**ISS control sequence 
three days before viral infection (third bar); ISS 30 nun^^ 
bar); nourlSS control sequence 30 minutes before viral infection. 

MODES FOR CARRYING OUT THE INVENTION 

We have discovered that immunostunulatory polynucleotide sequences (ESS) are 

effective anti-viral agents against respimtoiy viruses. A polynucleotide comprising an 

6 



wo 01/68116 



PCT/USOl/07839 



immunostimulatQiy sequence (an ISS") is administered to an individual is at risk of 
being ejqwsed to respiratory virus, has been exposed to lespi^ 
respiratory vims. The ISS is administered without ai^rrespratory virus antige^^ 
Administration of tibe ISS without co-administtation of a respiratory virus antigen resoks in 
reduced incidence and/or severity of one or more symptoms of respiratory virus infection. 

The invention also relates to kits for ameliorating and/or preventing a symptom of 
respiratory virus infection in ejqjosed individuals. The kits, which do not contain a 
respiratory virus antigen, conq)rise a polynucleotide comprising an ISS and instructions 
describing the administration of an ISS-containing polynucleotide to an individual for the 
intended treatment 

Jn an art-accepted model of a respnatory virus, namely cotton rat infected wifli 
respiratory syncytial virus (EtSV), we have drawn that ISS is effective at 
titers especiaUy if administered locally (ie., at a site of infection) and at a suCGcient time 
before viral infection. For example, rats pre-treated with an ISS non-locally (ie., by IP 
injection) did not display significant reduction in viral titer althongh higher doses may have 
been efficacious. Further, there is no qiparent toxicity at the Iher^eutic dosages (ie.. 
dosages sufficient to reduce viral titer). Significantly, in contrast to previous reports of 
immune modulation by ISS, we report clinical efiScacy of ISS in this viral context. 

General techniques 

The practice of the present mvention will en5>loy, unless otherwise indicated, 
conventional techniques of molecular biology (includmg recombmant techniques), 
microbiology, ceU biology, biochemistry and hnmunology, ^ch are within the skill of the 
art. Such techniques ate explained fidly in the Uteiature, soch as, Molectdaraoning: A 
Laboratory Manual, second edition (Sambrook et al.. 1989); Oligonucleotide Synthesis. 
(MJ. Gait, ed., \9My,Aiamcil Cell Culture (RJ. Freshney, ed., 1987); Methods in 
Ewymology (Academic Press, Inc.); Handbook of Experimental hnmunology (DM. Weir 
& QC. Blackwell, eds.); Gene Transfer Vectors far Mammalian CeUs QM. Miller & MJ. 
Calos, eds., 1987); Current Protocols in Molecular Biology (BM. Ausubel et aL, eds, 
1987); PGR: The Polymerase Chain Iteaction, (Mullis et aL, eds., 1994); Current 
ProtocolsinImmunologyCS£.Conmetal.,eds., 1991); The Immunoassay Handbook 
(David Wild, ed., Stockton Press NY, 1994); and Methods of fytmunological Analysis 
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MasseyejQ^ W.H. Albert, and N A. Staines, eds., Weinheim: VCH Verlags gesellschaft 
mbH, 1993). 

Depiitiom 

5 Hie term **respiratory virus'* refers to a virus \^ch infecte cells of the respiratory 

tract, such as cells lining the oral cavity, nasophaiynx, throat, larynx, faionchi and 
bronchioles, etc. Respratory viruses inchide influenza virus, rhino vir^ 
respiratory syncytial virus (RSVX measles virus, muni^ 

virus, poxvirus, parvovirus, hantavirus and varicella virus. Statements and description 

1 0 MfMoh use the term "'respiratory virus'' indicate, and refer to, any one or more of the 
respiratory viruses listed herein. 

"^Exposure" to a virus denotes encounter with virus which allows infection, such as, 
for example, iqK)n contact with an infected individual. 

An individual is "seronegative" for a virus if antibodies specific to the virus cannot 

IS be detected in blood or serum samples &om the individual using metfiods standard m die 
art, such as ELIS A. Conversely, an individual is "seropositive" for a virus if antibodies 
specific for the virus can be detected in blood or serum samples from the individual using 
methods standard in the art, such as EUSA. An individual is said to "seroconvertffcu* a 
virus when antibodies to the virus can be detected in blood or serum fixim an in^ 

20 vMo was previously seronegative. 

An individual who is ''at risk of being exposed** to a virus is an individual ^o may 
encounter the virus such that the virus infects the individual (i. e. , virus enters cells and 
replicates). In.the context of respiratory virus, which cause acute infection and resolution 
of infection and symptoms, the individual may or may not have previoxisly be^ exposed to 

25 virus, but it is understood that, at the time of at least one administration of ISS-containing 
polynucleotide, the individual is symptom-&ee and has not been exposed to virus within 
about 5 days of administration of ISS. Because respiratory viruses are ubiquitous, 
generally any individual is at risk for e3q)osure to the virus. In some contexts, an individual 
is determined to be *'at risk^ because exposure to the virus has higher probability of leading 

30 to infection (such as with immunocompromised, elderly and/or very young children and 

in&nts) i;^ch can further result in serious symptoms, conditions, and/or complications. In 
some settings, including, but not limited to, mstitutions such as hospitals, schools, day care 
&cilities, military &cilities, nursing homes and convalescent homes, an individual is 
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detemuued to be "at risk" bet^use of time spent in close pioximtty^ to others wiio may be 
infected. 

"Siqjpressiiig* viial in&ction indicates any aspect of viral infection, such as viral 
replication, time course of infection, amount (titer) of virus, lesions, and/or one or more 
symptwns is curtailed, inhibitBd, or reduced (in terms of severity and/or duration) in an 
individual or a population of individuals treated wifli an ISS-containing potynudeotide in 
accordance with tiie invention as compared to an asspect of viral infection in an individual 
or a population of individuals not treated in accordance with the invention. jReduction in 
viral tita^ includes, but is not limited to, dinaination of ttie virus fiom an infected site or 
individual. Viral infection can be assessed by any means known in the art iochidin^ but 
not limited to, measurement of vims particles, viral nucleic acid or viral antigens, detection 
of symptoms and detection and/or measurement of anti-virus antibodies. Anti-virus 
antibodies are widely used to detect and monitor viral infection and gaierally are 
commercially available. 

•palliating" a disease or one or more symptoms of a disease or infection means 
lessening the extent and/or time course of undesirable clinical manifestations of a disease 
state or infection in an individual or population of individuals treated with an ISS in 
accordance with the invention. 

As used herein, "delaying" development of a viral infection or a symptom of viral 
infection means to defer, hinder, slow, retard, stabilize, and/or pos^one development of the 
disease or symptom yivbm compared to not using the method(s) of the invention. This 
delay can be of varying lengths of time, depending on the history of the disease and/or 
individual being treated. As is evident to one skiUed in the art, a sufficient or significant 
delay can, in effect, encompass prevention, in tiiat flie individual does not develop the 
disease. 

"Reducing severity of a syn^m" or "ameliorating a symptom" of viral infection 
means a lessening or improvement of one or more synqjtoms of viral infection as compared 
to not administering an ISS-cdntaining polynucleotide. "Reducing severity" also includes 
shortening or reduction in duration of a symptom. For respiratory viruses, these symptoms 
are well known in the art and include, but are not limited to, inflammation of respiratory 
mucosa, fever, body aches, coughing, wheexdug, sneezing, nasal discharge and chest pain. 
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*Trcve0ttng a symptom of infection** by a respiratory vims means that the symptom 
does not appear after e3q)osure to the virus. Examples of symptoms have been described 
above. 

"Rfidndng duration of viral infection" means the length of time of viral infection 

5 . (usually indicated by symptoms) is reduced, or shortened, as compared to not administering 

an ISS-containing polynucleotide. 

The term 'infected individual'*, as used herein, refers to an individual ^o has been 

infected by a respiratoiyvirus* Symptoms ofrespiratoiy virus infection are weU known in 

the art and have be^ described herein. 

10 • A "biological saniple" encompasses a variety of sample types obtained ftom an 

individual and can be used in a diagnostic or monitoring assay. The defudtion 

encompasses blood and other liquid samples of biological origin, solid tissue samples such 

asabiopsy specinien or tissue cultures or cells derived thexefix)nQi, and the progeny thereof. 

The definition also includes samples that have been manipulated in any way after their 

15 procurement, such as by treatment with reagents, solubilization, or enrichment for certain 

components, such as protdns or polynucleotide. The term Isiological sample** 

encompasses a clinical sample, and also includes cells in culture, cell siq)ematants, cell 

lysates, serum, plasma, biological fluid, and tissue samples. 

Tiral titer** is a term well known in the art and indicates the amount of virus in a 

20 given biological sample. "Viremia'*isatennweU-knownintheartas1hepFes^tu^ofvirus 

in the blood stream and/or viral titer in a blood or serum sample. Amount of virus are 

indicated by various measurements, including, but not limited to, amount of viral nucleic 

acid; presence of vkal particles; replicating units (RU); plaque forming units (PFU). 

Generally, for fluid samples such as blood and urine, amount of virus is determined per unit 

25 fluid, such as milliliters. For solid samples such as tissue sanq)les, amount of virus is 

determined per weight unit, such as grams, ^'fethods for determiiung amount of virus are 

known in the art and describe herein. 

An ^dividual" is a vertebrate, preferably a mammal, more preferably a human* 

Mammals include, but are not limited to, humans, ferm animals, sport animals, rodents, 

30 primates and certain pets. Vertebrates also include, but are not limited to, birds (/.e., avian 

individuals) and reptiles (ie., reptilian individuals). 

The term 'ISS** as used herein refers to polynucleotide sequences that effect a 

measurable immune response as measured in vitro^ in vivo and/or ex vivo. Examples of 

10 
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measurable immune responses include, but are not limited to, antigen-specific antibo<fy 
production, sectetian of cytokiiies, activation or expansion of lyn^hocyte populations such 
as NK cells, CD4* T lymphocytes, CD8* T lymphocytes, B lymphocytes, and the like. 
Preferably, the ISS sequences preferentially activate a Thl-iype response. A 
polynucleotide for use in methods of the invention contains at least one ISS. 

As used interchangeably herein, the terms "polynucleotide" and "oligonucleotide" 
include single-stranded DNA (ssDNA), double-stranded DNA (dsDNA), single^stranded 
RNA (ssRNA) and double-stranded RNA (dsRNA), modified oUgonudeotides and 
oligonucleosides or combinations thereof. The oligonucleotide can be linearly or circularly 
configured, or the oligonucleotide can contain both linear and circular segments. 

"Adjuvant" refers to a substance whidi, vAiea added to an immunogenic agent such 
as antigen, nonspedfically enhances or potentiates an immune response to fbs agent in the 
recipient host upon exposure to the mixture. 

An "esfifective amount" or a "sufficient amount" of a substance is an amount 
sufficient to ^ect beneficial or desired results, including clinical results. An rffective 
amount can be administered in one or more administrations. A "ther^)eutically effective 
amount" is an amount to efifect beneficial clinical results, inchiding, but not limited to, 
alleviation of one or more symptoms associated witti viral infection as well as prevention of 
disease (e,g:, prevention of one or more symptoms of infection). 

A microcanier is considered "biodegradable" if it is degradable or erodable under 
normal mammalian physiological conditions. Generally, amicrocanier is oansidered 
biodegradable if it is degraded (ie., loses at least 5% of its mass or average and/or lengfli) 
after a 72 hour incubation at 37" C in normal human serum. Conversely, a microcanier is 
considered "nonbiodegradable" if it is not degraded or eroded under normal mammalian 
physiological conditions. Generally, a microcanier is considered nonbiodegradable if it not 
degraded (ie., loses less than 5% of its mass and/or average polymer lengfli) after at 72 
hour incubation at 37" C in normal human sermn. 

The term "immunostimulatory sequence-microcanier complex" or "ISS-MC 
complex" refers to a complex of an ISS-containing polynucleotide and a microcanier. The 
coniponents of tbe complex may be covalenlly or nouKxivalendy linked. Non-covalent 
linkages may be mediated by any noiwjovalent bonding force, including by hydrophobic 
interaction, ionic (electrostatic) banding, hydrogen bonds and/or van der Waals attractions. 

11 
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In the case of hydrophobic linkages, the link^e is geneially via a hydrophobic moiety 
(eg:, cholesterol) covalratly linked to flie ISS. 

As used herein, the tenn '^conxprismg'' and its cognates are used in their inclusive 
s^ise; that is, equivalent to the term "Uncluding" and its corresponding cognates* 
5 As used herein, the singular form "a", "an", and "ttie" includes plural references 

unless indicated otherwise. For exanq>le, "a"* symptom of viral infection includes one or 
more additional symptoms. 

Methods of the Invention 

10 The invention provides methods of ameliorating reducing severity) and/or 

preventing symptoms of respiratory virus infection as well as methods of siqiptession of 
infection by a respiratory virus ^pvfaich entail administering an ISS-contaimng 
polynucleotide (used interchangeably hereui with ^SS'^ to an individual wiliiout 
administering a respiratory virus antigen. An ISS-contaioing composition which do^ not ■ 

1 5 include a r^iratory virus antigen is administered to an individual at risk of e)q)05are to, 
exposed to, infected with, and/or exhibiting symptoms of infection by a respiratory virus. 
Individuals receiving ISS are preferably mammal, more preferably human. In accordance 
with the invention, respiratory viras antigen is not administered to the individual in 
conjunction with administration of an ISS (z. e., is not administered m a separate 

20 admixustratLon at or about ih& time of administration of the ISS). 

The respiratory virus may be any virus that infects the respiratory tract, including, 
but not limited to, influenza, respiratory syncytial virus (RSV), parainfluenza type 3 (PIV* 
3), adenovirus, rhinovirus, measles vmis, mumps virus, other parainfluenza virus, rubella 
virus, poxvirus, parvovirus, hantavirus, varicella virus, paramyxovirus and myxovirus. In 

25 some embodiments, the respiratory virus is RSV. hi some embodiments, the respnatory 
virus is oUbst than influenza. 

hi some embodiments, the individual is at risk of being exposed to virus. 
Determination of an at risk individual is based on one or more factors that are associated 
with disease development and are generally known by, or can be assessed by, a skilled 

30 clinidan. At risk individuals may be especially suitable candidates to receive ISS, as fliese 

individuals are generally considered to be particularly susceptible to developing symptoms 

of infection, which could also further lead to other complications. For example, in the 

context of RSV infection, age groups of about 2 years or less and the eldedy would be 

12 
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ccttisideted at risk. Other individuals at risk include those that are in close proximity to 
individuals who may be infected including, but not limited to, health care workers, and 
individuals in instftutions such as hospitals, schools, day care fedlities, military fedlities, 
nursfajg homes and convalescent homes. Other example ofat risk individuals are those 
who are immunocompromised. 

In the context of influenza infection, generally the elderly (for example, aged 60 
years and older) are considered at risk, although, as noted above, many other conditions put 
an individual at risk for this infection, such as during what is generally denoted "flu 
season" (November through March); conditions which involve significant contact with 
other people, such as femily members of infected people and in office buildings, schools, 
airplanes, hospitals, schools, day caie faciHties, miUtary fecifities, nursing homes and 
convalescent homes. RSV season generally occurs during winter and early spring. The . 
same geoeial principles sqjply to the rhinovirus context 

In other embodunents, the individual is, or has been, exposed to and/or infected by. 
virus. Exposure to virus is generally indicated by sufficient contact with an infected 
individual or infected location. Bisposme can also be indicated by develcrpment of one or 
more synqjtoms associated with viral infection. Infection by virus may be indicated by any 
of the above, as well as detection of virus or anti-virus antibodies (/.c, the individual 
becomes seropositive) m a biological sample fiom the mdividual. 

ISS 

The methods of this invention entail administering a polynucleotide comprismg an. 
ISS (or a composition comprising such a polynucleotide). In accordance with the present 
mvention, the hnmunomodulatory polynucleotide contains at least one ISS, and can contain 
multiple ISSs. The ISSs can be adjacent wilhm the polynucleotide, or they can be 
separated by additional nucleotide bases within the polynucleotide. Alternately, multiple 
ISSs may be delivered as individual polynucleotides. 

ISS have been described in Ihe art and may be readily identified using standard 
assays ^ch mdicate various aspects of the immune response, such as cytokme secretion, 
antibody production, NK cell activation and T cell proliferation. See. e.^, WO 97^28259; 
WO 98/16247; WO 99/11275; Krieg et al. (1995); Yamamoto et al. (1992); Ballas et al. ' 
(1996); Klimnan et aL (1997); Sato et al. (1996); Ksetsky (1996a); Shimada et aL (1986) 
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Jpn, J. Cancer Res. 77:808-816; Cowdery et al. (1996) X Immmol 156:4570-4575; Roman 

et al. (1997); and Lipford et al. (1997a). 

The ISS can be of any length greater than 6 bases or base pairs and generally 

conq>rises the sequence 5'-cytosme, guanine-3% preferably greater than 1 5 bases or base 
5 pairs, more preferably greater than 20 bases or base pairs in length. As is well-known in 

Ae ar^ the cytosine of tbe 5 '*cytosine,guanine*3* sequence is ux^^ AnlSSmay 

also comprise the sequence 5'-purme, purine, C, G, pyrimidine, pyrimidine, C, G-3'. An 

ISS may also comprise the sequence 5'-purine, purine, C, G, pyrimidine, pyrimidine, C, 

3'. As indicated in polynucleotide sequences below, an ISS may comprise (le., contain 
10 one or more of) the sequence 5'-T, C, G-3'. In some embodiments, an ISS may comprise 

the sequence 5'-C, G, pyrimidine, pyrimidine, C, G-3' (such as 5'-CGTTCG-3*). In some 

embodiments, an ISS may conqmse die sequence 5'-C, G, pyrimidine, pyrimidine, C, O, 

purine, purine^3'. In some ^bodiments, an ISS comprises the sequence 5*-purine, purine, 

C, G, pyrimidine, pyriinidine-3* (such as 5'-AACGTT-3'). 
15 In some embodiments, an ISS may comprise the sequence 5'-purine, T, C, G, 

pyrimidine, pyrimidine-3'. 

In some embodiments, an ISS-containing polynucleotide is less than about any of 

the foUowmg lengths (in bases or base pairs): 10,000; 5,000; 2500; 2000; 1500; 1250; 

1000; 750; 500; 300; 250; 200; 175; 150; 125; 100; 75; 50; 25; 10. In some embodiments, 
20 an ISS'-containing polynucleotide is greater than about any of the foUowmg lengths 0n 

bases or base pairs): 8; 10; 15; 20; 25; 30; 40; 50; 60; 75; 100; 125; 150; 175; 200; 250; 

300; 350; 400; 500; 750; 1000; 2000; 5000; 7500; 10000; 20000; 50000. Alternately, the 

ISS can be any of a range of sizes having an upper limit of 10,000; 5,000; 2500; 2000; 

1500; 1250; 1000; 750; 500; 300; 250; 200; 175; 150; 125; 100; 75; 50; 25; or 10 and an 
25 independently selected lower limit of 8; 10; 15; 20; 25; 30; 40; 50; 60; 75; 100; 125; 150; 

175; 200; 250; 300; 350; 400; 500; 750; 1000; 2000; 5000; 7500, ^^dierem the lower limit is 

less dian the ^pper limit 

In some embodiments, the ISS comprises any of ^ foUowii^ sequences: 

GACGCTCC; GACGTCCC; GACGTTCC; GACGCCCCi AGCGTTCC; AGCGCTCC; 
30 AGCGTCCC; AGCGCCCC; AACGTCCC; AACGCCCC; AACGTTCC; AACGCTCC; 

GGCGTTCC; GGCGCTCC; GGCGTCCC; GGCGCCCC; GACGCTCG; GACGTCCC^, 

GACGCCCG; GACGTTCG; AGCGCTCG; AGCGTTCG; AGCGTCCG; AGCGCCCG; 

AACGTCCG; AACGCCCG; AACGTTCO, AACGCTCO; GGCGTTCG; GGCGCTCC?, 
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GGCGTCCC^ GGCGCCCG. In some mbodiments, the inimunomodulatory 
polynucleotide comprises the sequence 5'-TGACTGTGAACGTrCGAGATGA-3' (SEQ 
IDNO:l). 

Li some embodiments, the ISS comprises any of the follovwing sequences: 

GACGCU; GACGUC; GACGUU; GACGUT; GACGTU; AGCGUU; AGCGCU; 

AGCGUC; AGCGUT; AGCGTU; AACGUC; AACGUU; AACGCU; AACGUT; 

AACGTU; GGCGUU; GGCGCU; GGCGUC; GGCGUT; GGCGTU. 

In some embodimenls, the ISS comprises any of the foflowing sequences: 

GABGCTCC; GABGTCCC; GABGTTCC; GABGCCCC; AGBGTTCC; AGBGCTCC; 

AGBGTCCC; AGBGCCCC; AABGTCCC; AABGCCCC; AABGTTCC; AABGCTCC; 

GGBGTTCC; GGBGCTCC; GGBGTCCC; GGBGCCCC; GABGCTCG; GABGrcCG; 

GABGCCCG; GABGTTCG; AGBGCTCG; AGBGTTCC^ AGBGTCCG; AGBGCCCG; 

AABGTCCG; AABGCCCG; AABGTTCG; AABGCTCG; GGBGTTCG; GGBGCTCG; 

GGBGTCCG; GGBGCCCG; GABGCTBG; GABGTCBG; GABGCCBO; GABGTTBG; 

AGBGCTBG; AGBGTTBG; AGBGTCBG; AGBGCCBG; AABGTCBG; AABGCCBG; 

AABGTTBG; AABGCTBG; GGBGTIBG; GGBGCTBG; GGBGTCBG; GGBGCCBG, 

^^^beie B is 5-bromocytosine. 

In some embodiments, the ISS comprises any of the foUowmg sequences: 

GABGCUCC; GABGUCCC; GABGUTCC; GABGTUCC; GABGUUCC; AGBGUUCC; 

AGBGTUCC; AGBGUTCC; AGBGCUCC; AGBGUCCC; AABGUCCC; AABGUUCC; 
AABGUTCC; AABGTUCC; AABGCUCC; GGBGUUCC; GGBGUTCC; GGBGTUCC;' 

GGBGCUCC; GGBGUCCC; GABGCUCG; GABGUCCG; GABGUUCG; 
GABGUTC<?.GABGTUC(^. AGBGCUCC. AGBGUUCG; AGBGUTCC, AGBGTUCC^, 
AGBGUCCG; AABGUCCG; AABGUUCG; AABGUTCC. AABGTUC&. AABGCUCG; 
GGBGUUCG; GGBGUTCG; GGBGTUCG^ GGBGCUCG; GGBGUCCG; GABGCUBGi 
GABGUCBG; GABGUUBG; GABGUTBG; GABGTUBG; AGBGCUBG; AGBGUUBG; 
AGBGUCBG; AGBGUTBC?, AGBGTUBG; AABGUCBG; AABGUUBG; AABGUTBG; 
AABGTUBG; AABGCUBG; GGBGUUBG; GGBGUTBG; GGBGTUBa. GGBGCUBG; 
GGBGUCBG, where B is 5-hiomocytosine. 

In other embodunents, the ISS comprises any of the sequences: 
5'-TGACCGTGAACGTTCGAGATGA-3» (SEQ IDN02); 
5'-TCATCTCGAACGlTCCACAGTCA-3' (SEQ ID N0:3); 

5*>TGACTGTGAACGTTCCAGATGA-3' (SEQ ID N0:4); 

15 
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5*-TCCATAACGTTCGCCTAACGTTCGTC.3' (SEQ ID N0:5); 
5'-TGACTGTGAABGTTCCAGATGA-3' (SEQ ID N0:6), where B is 5--bromocytosme; 
5'-TGACTGTGAABGTTCGAGATGA-3* (SEQ ID NO:7), where B is 5-bromocytosine 
.and 

5 5*-TGACTGTGAABGTTBGAGATGA.3' (SEQ ID N0:8), where B is S^bromocytosine. 
An ISS and/or ISS-containing polynucleotide may contain modifications. 
Modifications of ISS include any known in the art, but are not limited to» modifications of 
the 3'-0H or S*-OH group, modifications of the nucleotide base, modifications of the sugar 
component, and modifications of the phosphate groiq>. Various such modifications are 

10 described below. 

An IS S may be sii^e stranded or double stranded DN A, as well as dngle or 
double-stranded KNA or other modified polynucleotides. An ISS may or may not include 
one or more palindromic r^ons, which may be present in the motifs described above or 
may e>ctend beyond the motif An ISS may comprise additional flankinB sequences, some 

15 of iwhich are described herein. AnISS may contain naturally-occurrii^ or modified, non- 
naturally occurring bases, and may contain modified sugar, phosphate, and/or termini. For 
< example, phosphate modifications include, but are not limited to, methyl phosphonate, 
phosphorothioate, phosphoramidate (bridging or non-bridgiDg), phosphotriester and 
phosphorodithioate and may be used in any combination. Other non-phosphate linkages 

20 may also be used Preferably, oligonucleotides of the present invention comprise 

phosphorothioate backbones. Sugar modifications known in the field, such as 2'-alkoxy- 
RNA analogs, 2'-amino-RNA analogs and 2'-alla)xy- or amino-RNA/DNA chimeras and 
others described herein, may also be made and combined with any phosphate modification. 
Examples of base modifications include, but are not limited to, addition of an electron- 

25 wiflidrawing moiety to C-5 and/or 06 of a cytosine of the ISS (e.g:, 5-bromocytosiDe, 5- 
cUoGCOcytosine, 5-fluorocytosine, 5-iodocytosine). 

The IS S can be synthesized using techniques and nucleic acid syndesis equipment 
which are well known in fiie art including, but not limited to, enzymatic methods, chemiral 
methods, and the degradation oflarger oligonucleotide sequences. See, for example, 

30 Ausubel et al. (1987); and Sambrook et al. (1989). When assembled enzymatically, the 

individual units can be ligated, for example, with a ligase such as T4 DNA or KNA ligase. 

U.S* Patent No. 5,124,246. Oligonucleotide degradation can be accomplished through the 

e5q)osure of an oligonucleotide to a nuclease, as exemplified in U.S. Patent No. 4,650,675. 

16 
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The ISS can also be isolated using conveational polynucleotide isolation 
procedures. Such procedures include, but are not limited Id, hybridization of probes to 
genomic or cDNA libraries to detect shared nucleotide sequences, antibody screening of 
ejqHBSsion hT>raries to detect shared structural features and synthesis of particular native 
sequences by the polymeme chain ruction. 

Circular ISS can be isolated, synthesized through recombinant methods, or 
chemically synthesized. Where the circular ISS is obtained through isolation or through 
recombmant methods, the ISS wiU preferably be a plasmid. Ihe chemical synthesis of 
smaller circular oligonucleotides can be performed using any method described in the 
Hterature. See, for instance, Gao etal. 0995) Nucleic Adds Res. 23:2025-2029; and Wang 
et al. (1994) Nucleic Acids Res. 22:2326-2333. 

The techniques for making oligonucleotides and modified oUgonucleotides are 
known in the art Naturafly occurring DNA or RNA, containing phosphodiester linkages, is 
generally synthesized by sequentially coupling the appropriate nucleoside phosphoramidite 
to the 5'-hydroxy group of the growing oUgonucleotide attached to a soKd support at the 
3'-end. foUowed by oxidation of the intermediate phosphite triester to a phosphate triester. 
Once the desired oHgonucleotide sequence has been synthesized, the oUganucleotide is 
removed fix)m the siipport, the phosphate triester groups are deprotected to phosphate 
diesters and the nucleoside bases are deprotected using aqueous ammonia or other bases. 
See, for example, Beaucage (1993) "OKgodeoxyribonucleolide Synthesis" in Protocols for 
Oligonucleotides and Analogs, Synthesis and Properties (Agrawal, ed.) Humana Press, 
Totowa, NJ; Wamer et al. (1984) DNA 3:401 and U.S. Patent No. 4,458,066. 

The ISS can also contain phosphate-modified oligonucleotides. Synthesis of 
polynucleotides containing modified phosphate linkages or noit-phosphate linkages is also 
know in the art For a review, see Matteucd (1997) "Oligonucleotide Analogs: an 
Overview" in Oligonucleotides as 77iertq>eutic Agents, (D.J. Chadwick and G. Cardew, ed.) 
John Wiley and Sons, New Yoric, NY. The phosphorous derivative (or modified phosphate 
grot?)) wHch can be attached to the sugar or sugar analog moiety in the oligonucleotides of 
the present invention can be a monophosphate, diphosphate, triphosphate, 
alkylphosphonate, phosphorothioate, phosphorodithioate or the like. The preparation of the 
above-noted phosphate analogs, and their incoiporation into nucleotides, modified 
nucleotides and oKgonudeotides, per se, is also known and need not be described here in 
detail. Peyrottes et al. (1996) Nucleic Acids Res. 24:1841-1848; Chaturvedi et al. (1996) 
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Nucleic Acids Res, 24:2318-2323; and Schultz et al. (1996) Nucleic Acids Res, 24:2966- 
2973. For example, synthesis of phosphoro^oate oligonucleotides is similar to that 
described above for naturally occurring oligonucleotides except that the oxidation step is 
replaced by a sulfurization step (Zon (1993) "Oligonndeoside Phosphorothioates*' in 
5 Protocols for Oligonucleotides and Analogs, Synthesis and Properties (Agrawal, ed.) 
Humana Press, pp. 165-190). Similarly the synthesis of other phosphate analogs, such as 
phosphotriester (Miller et al. (1971) JACS 93:6657*^665), non-hridgmg phosphoramidates 
(Jager et al. (1988) Biochem. 27:7247-7246), N3' to P5' phosphoramidates (Nelson et al. 
(1997) JOC 62:7278-7287) and phosphorodiHuoates (U.S. Patent No. 5,453.496) has also 

10 been described. Other non-phosphorom based inodified oligonucleotides can also be nsed 
(StirchaketaI.(1989)Mic/^i£:^rftfc;?ay. 17:6129-6141). Oligonucleotides witb 
phosphorothioate backbones can be more immunogenic than those with phosphodiester 
backbones and appear to be more resistant to degradation after injection into the host 
Braun et al. (1988) J. Immunol 141:2084-2089; and Latimer et aL (1995) MoL Jmmunoh 

15 32:1057-1064. 

ISS-containing polynucleotides used in the invention can comprise ribonucleotides 
(containing ribose as the only or principal sugar component), deoxyribonucleotides 
(containing deoxyribose as the principal sugar component), or. as is known in the art, 
. modified sugars or sugar analogs can be incorporated in the ISS. Ibus, in addition to 

20 ribose and deoxyribose, the si^ar moiety can be pentose, deoxypentose, hexose, 

deoxyhexose, glucose, arabinose, xylose, lyxose, and a sugar ^analog" cyclopentyl group. 
Thesugarcanbeinpyraii0sylorinafuraiu)sylform. In the ISS, the sugar moiety is 
preferably the furanoside of ribose, deo^^bose, arabinose or 2'-0-aIkylribose, and the 
sugar can be attached to the respective heterocyclic bases either in a or p anomeric 

25 configuration. Sugar modifications include, but are not liinited to, 2'-alko:}gr-RKAana^ 

2*-ammo-RNAaxialogsand2'-alkoxy-or ainino-RNA/DNAch^ The preparation of 
these sugars or sugar analogs and the respective ""nucleosides'" \^erein such sugars or 
analogs are attached to a heterocyclic base (nucleic add base) per se is known, and need 
not be described here, except to the extent such preparation can pertain to any specific 

30 example. Sugar modifications inay also be rnade and combined with any phosphate 

modification in the preparation of an ISS. 

The heterocyclic bases, or nucleic acid bases, vMch are incorporated in the JSS can 

be the naturally-occurring principal purine and pyrimidine bases, (namely uracil or 

18 
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thymine, cytosine, adsaiine and guanine, as mentioned above), as well as naturally- 
occiming and synthetic modifications of said ptindpal bases. 

Those skilled in fte art will recognize ftat a large number of "synAetic" 
non-natural nucleosides comprising various heterocycUc bases and various sugar moieties 
(and sugar analogs) are available in flie art, and lhat as long as other criteria of the present 
invention are satisfied, the ISS can include one or several heterocycKc bases other than the 
principal five base conqionents of naturally-occurring nucleic acids. Preferably, however, 
the heterocyclic base in the ISS nicludes, but is not limited to, uradl-5-yI, cytosin-5-yl, 
adenin-7-yl, adenin-8-yl, guanin-T-yl, guanin-8-yl, 4-anunopyirolo [23-d] pyiimidin-5-yl, 
2..amino-4-oxopyrolo [23-d] pyrimidin-S-yl, 2-amino-4-oxopyrrolo [2.3-d] pyrimidin-3-yl 
groups, yf/bsscB the purines are attached to the sugar moiety of the ISS via die 9-podtion, the 
pyiimidines via the 1-position, the pyitolopyrimidines via the 7-position and the 
pyrarolopyrimidines viafhe 1-position. 

The ISS may comprise at least one modified base as described, for example, in flie 
commonly owned international application WO 99/62923. As used herein, the term 
"modified base" is synonymous with "base analog", for example, "modified cytosine" is 
synonymous with "cytosine analog." Similarly, "modified" nucleosides or nucleotides are 
herein defined as being synonymous with nucleoside or nucleotide "analogs." Examples of 
base modifications include, but are not limited to, addition of an electron-withdrawing 
moiety to C-5 and/or C-6 of a cytosine of the ISS. Preferably, the electron-withdrawiEg 
moiety is a halogen. Such modified cytosines can inchide, but are not limited to, 
azacytosine, 5-hromocytosine, bromouradl, 5-chIorocytosine, chlorinated cytosine, 
cyclocytosine, cytosine arabinoside, 5-fluorocytosine, fluoropyrimidine, fluorouradl, 5,6- 
dihydrocytosme, 5-iodocytosine, hydroxyurea, iodouracil, 5-nitrocytosinB, uracil, and any 
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also been described (including, but not linuted to, e.g., U.S. Patents 4,849,513, 5,015,733, 
5,1 1 8,800, 5,1 1 8,802) and can be used similarly. 

The ISS used in the methods of the invention may be produced as ISS-microcaxxier 
complexes. ISS*nucrocazrier complexes comprise an ISS-containizigpolynu^^ 
5 to a microcamer (MC). ISS-MC complexes comprise an ISS bound to the sur&ce of a 
microcairier (/.e., the ISS is not encapsulated in the MC), adsorbed within a miorocarrier 
(eg., adsorbed to PLGA beads), or encapsulated within a MC (e.g., incorporated within 
liposomes). 

ISS-co3Ertaining oligonucleotides bound to microparticles (SEPHAROSE® beads) 

10 have previously been shown to have immunostimulatory activity in vitro (Liang et al., 

(1996), J Clin Invest. 98:1119-1129). However, recent results show that ISS^ntaining 
oligoimcleotides bound to gold, latex and magnetic particles are not active in stimulating 
proliferation of 7TD1 cells, ^lich proliferate in response to ISS-containing 
oligonucleotides (Manzel et al., (1999), Antisense Nucl Acid Drug Dev. 9:459-464), 

15 Mcrocairiers are not soluble in pure water, and are less than about 50-40 pm in 

size, preferably less than about 1 0 pm in size, more preferably fiom about 1 0 nm to about 
1 0 pm, 25 nm to about 5 (xm, 50 nm to about 4.5 pm or 1 .0 pm to about 2.0 pm in size. 
Microcarrers may be any shape, such as spherical, ellipsoidal, rod-sh^ed, and the like, 
although spherical microcarriers are normally preferred. Preferred microcaniers have sizes 

20 of or about 50 nm, 200 nm, 1 (im, 1.2 pm, 1.4 pm, 1.5 pm, 1.6 pm, 1.8 pm, 2.0 pm, 2.5 pm 
or 4.5 pm. The ^size" of amicrocarier is generally the ^design size*' or intended size of the 
particles stated by the manu&cturcr. Size may be a directiy measured dimension, such as 
average or maximum diameter, or may be determined by an indirect assay such as a 
filtration screening assay. Direct measurement of naicrocarrier size is typically carried out 

25 by microscopy, generally light microscopy or scanning electron microscopy (SEM), in 
comparison with particles of known size or by reference to a micrometer. As minor 
variations in size arise during the manufacturing process, micxocarriers are consideml to be 
of a stated size if measurements show the microcaniers are + about 5-10% of the stated 
measurement Size characteristics may also be detennined by dynamic light scattering. 

30 Alternately, inicrocamer size may be detennined by fUlration screening assays. A 

microcarrier is l^s than a stated size if at least 97% of the particles pass through a "screen- 
type" filter {i e,, a filter in v^ch retained particles are on the sur&ce of the filter, such as 

20 
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polycarbonate orpolyethersulfone filters, as opposed to a "depth filter^ in wiiich retained 
particles lodge within the filter) of the stated size. A microcarrier is larger than a stated 
size if at least about 97% of the microcanier particles are retained by a screen-type filter of 
the stated size. Hius, at least about 97% microcaniers of about 1 0 pm to about 1 0 nm in 
size pass through a 1 0 jun p ore screen filter and are letamed by a 1 0 nm screen filter. 

As above discussion indicates, reference to a size or size range for a microcarrier 
impKdtly inchides approximate variations and approximations of the stated size and/or size 
range. This is reflected by use ofthe term "about" \^dien referring to a size and/or size 
range, and reference to a size or size range without reference to "about" does not mean that 
the size and/or size range is exact 

Microcarriers may be soUd phase (e.g., polystyrene beads) or liquid phase (e.g., 
liposomes, micelles, or oil droplets in an oil and water emulsion). Liquid phase 
microcaniers include Uposomes. miceUes, oU droplets and other lipid or oil-based particles. 
One preferred liquid phase microcarrier is oil droplets withm an oil-in-water emulsion. 
Preferably, oil-in-water emulsions used as microcamers comprise biocon^alible 
substituentssuchassqualene. Uquid phase microcamers are normally considered 
nonbiodegradable, but may be biodegradable Uquid jAase microcaniers may be produced 
by mcorporation of one or more biodegradable polymers in the Kquid microcarrier 
formulation. In one preferred embodiment, the microcarrier is oil droplets in an oil-in- 
water emulsion prepared by emulsification of squalene, sorbitan trioleate, TWEEN 80® in 
an aqueous pH buffer. 

SoUd phase microcarriers for use m ISS-microcanier complexes may be made fi:om 
biodegradable materials or nonbiodegradable materials, and may include or exchide 
agarose or modified agarose microcaniers. Usefiil soUd phase biodegradable microcaniers 
include, but are not limited to: biodegradable polyesters, such as poly(Iactic acid), 
poly(glycoUc add), and copolymers (inchiding block copolymers) thereof as weU as block 
copolymers of polyOactic acid) and poly(ethylene glycol); polyorthoesters such as 
polymers based on 3,9-diethyfidraie-2,4,8,10-tetraoxaspiro[5.5]undecane (DETOSU); 
polyanhydrides such as poly(anhydride) polymers based on sebadc sxid,p- 
(caiboxyphenoxy)propane, orp-(carboxyphenoxy)hexane; polyanhydride imides, such as 
polyanhydride polymers based on sebadc acid-derived monomers incorporating amino 
adds (/.ft, linked to sebadc add by imide bonds through the amino-tenninal nitrogen) such 
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as glycine cor alanine; polyanhydride esters; polyphosphazenes, especially 
poly(j3hosptha2enes) which contain hydrolysis-sensitive ester groups which can catalyze 
degradation of Ihe polymer backhone fhrough generation of carboxylic acid groiips 
(Schacht et al« (1996) BiotechnoL Bioeng. 1996:102); and polyamides such as poly(lactic 
5 add-co-lystne). A wide variety of nonbiodegradable inaterialssiutable for manti^^ 

microcarriers are also known, including, but not limited to polystyrene, polyethylene, latex, 
gold, and ferromagnetic or paramagnetic materials. Solid phase microcarriers may be 
coval^y modified to incorporate one or more moieties for use in linking Ifae ISS, for 
exaII^)le by addition of amine groups for covalent linking using amine-reactive 

10 crosslinkers. 

The ISS-mictocairier complex^ of the invention m^ be covaleaitty or non* 
cpvalendy linked Covalently linked ISS-MC complexes may be directly linked or be 
linked by a crosslinking moiety of one or more atoms (typically the residue of a 
crosslinking agent). The ISS may be modified to allow or augment binding to the MC 

IS (e^., by incorporation of a fiiee sulfhydryl for covalent crosslinking or addition of a 

hydrophobic moieties such as lipids, steroids, sterols such as cholesterol, and terpenes, for 
hydrophobic bonding), although unmodified ISS may be used for formation of non- 
covalent ISS-MC complex formation by electrostatic ioteraction or by base pairing (e.^:, by 
base pairing at least one portion of the ISS with a complementary oligonucleotide bound to 

20 the microcarrier). ISS-containing polynucleotides may be linked to soHdpha^ 

microcarriers or other chemical moieties to &cilitate ISS-MC complex formation using 
convmtional technology known in tile art, such as use of available heterobifunctional 
crosslinkers {e.g.^ succinimidyl 4-(K-maleimidomethyl)cyclohexane^l*-<^boxylate or its 
sulfo-derivatives for covalentty linking an amine-derivatized microcarrier and an ISS 

25 modified to contain a free sulfiiydryl) or by addition of compounds such as cholesterol 
(e.^., by the method of Godard et al. (1995) Eur. J. Biockem. 232:404-410) to fecilitate 
binding to hydrophobic microcarriers such as oil droplets in oil-ia*water emulsions. 
Alternatively, modified nucleosides or nucleotides, such as are kno^ in the art, can be 
incorporated at eitfaer terminus, or at internal positions in the ISS. These can contain 

30 blocked fimctional groups which, when deblocked, are reactive with a variety of functional 

groups which can be present on, or attached to, the microcarrier or a moiety which would 

:&cilitate binding to a mic^carrier* Certain embodiments of noncovalently linked ISS-MC 

complexes utilize a brnding pair (e.g. , an antibody and its cognate antigen or biotin and 
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streptavidin or avidin), where one member of the binding pair is bound to the ISS and the 
miciocamer is derivatized with fbs other member of the binding pair {e.g., a biotiiqrlated 
ISS and a streptavidin-derivatized miciocanier may be combined to fonn a noncovalenfly 
linked ISS-MC complex). 

Non-covalent ISS-MC complexes bound by electrostatic binding typically ejcploit 
the highly negative charge of the polynucleotide backbone. Accordingly, microcaniers for 
use in non-covalenfly bound ISS-MC complexes are generally positively charged at 
physiological pH (e.g., about pH 6.8-7.4). The microcairier may inlrksicany possess a 
positive charge, but microcaniers made fiom compounds not normally possessing a 
positive charge m^ be derivatized or otherwise modified to become positively charged. 
For exanq>le, the polymer used to make the microcariier may be derivatized to add 
positively charged ffoaps, such as primary amines. Alternately, positively charged 
compounds may be incoiparated in the formulation of the microcanier during manufacture 
(e.g., positively charged surfactants may be used during the manujfactuie of poly(lactic 
acid)4»oly(glycolic add) copolymers to confer a positive charge on the resuMng 
microcanier particles. 

Solid phase microspheres are prepared using techniques known in the art For 
example, they can be prepared by emulsion-solvent extraction/evaporadon technique. 
Generally, in Hm technique, biodegradable polymers such as polyanhydrates, poly(alkyl-ot. 
cyanoacrylates) and poly(a-hydroxy esters), for example. poly(lactic add), poly(glycoUc 
acid), poly(D J^lactic-co-glycohc acid) and poly(cq)rolactone), are dissolved in a suitable 
organic solvent, such as mefliylene chloride, to constitute the dispersed phase (DP) of 
emulsion. DP is emulsified by high-speed homogenization into excess volume of aqueous 
continuous phase (CP) that contains a dissolved surfectant, for example, polyvinylalcohol 
(PVA) or polyvinylpinolidone (PVF). Surfectant in CP is to ensure fee formation of 
discrete and suitably-sized emulsion droplet The organic solvent is then extracted into the 
CP and subsequently evaporated by raising tiie system temperature. The solid 
microparticles are then separated by centrifiigation or filtration, and dried, for example, by 
lyophilization or ^plication of vaccum, bdEore storii^ at 4 °C. 

Generally, to prepare cationic microspheres, catfonic lipids or polymers, for 
example, 1.2-dioleoyl-l,2;3-trimethylammomopropane (DOTAP), 
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cetyltrimetiiylainmoiirum biojmde (CTAB) or polylysiue, are added either to DP or CP, as 
per their solubilily in th^ phases. 

Phydco-chemical characteristics such as mean size, size distribution and sm&ce 
chaise of dnedmicxospha^ may be determined Size characteristics are detemmied, for 
5 example, by dynamic lig^ scattering technique and the sur&ce chaise was determined by 
measuring the zeta potential. 

Generally, ISS-containing polynucleotides can be adsorbed onto the cationic 
microspheres by overnight aqueous incubation of ISS and ih& particles at 4 
Microspheres are characterized for size and surface charge before and after ISS association. 
1 0 Selected batches may then evaluated for activity as described herein. 

Administration 

An ISS-containing polynucleotide may be administered before, during and/or after 
exposure to a respiratory virus. An ISS polynucleotide may also be administered before, 

IS during and/or after infection by a respiratory virus. An ISS polynucleotide may also be 

administered before or after onset of symptoms of respiratory virus mfection. Accordingly, 
administration of ISS^ntaining polynucleotide may be at various times with respect to 
exposure to, infection by and/or onset of synaptoms by infection by virus. Further, there 
may be one or more administradons. If the ISS-containing polynucleotide is adnunistered 

20 on multiple occasions^ the ISS may be administered on any schedule selected by the 

clinician, such as daily, every other day, every three days, every four days, every five days, 
every six days, weekly, WweeMy, monthly or at ever longer intervals (which may or may 
not remain the same during the course of treatment). Where multiple administrations are 
given, the ISS-containing polynucleotide may be given in 2, 3, 4, 5, 6, 7, 8, 9, 10 or more 

25 separate administrations. Generally, but not necessarily, an interval of at least about three 
days is necessary to allow effect of ISS-containing polynucleotides. 

Wbm ISS-containing polynucleotide is administered to an individual at risk of 
ejqwsure to virus before infection), ISS-containmg polynucleotide is preferably 
administered less than about 14 days before e^q^osure to virus, preferably less than about 1 0 

30 days before e^^sure to virus, more preferably less than about 7 days before exposure to 
virus, even more preferably less than about 5 days before exposure to virus. In some 
embodiments, ISS-containing polynucleotide is administered about 3 days before exposure 
to virus. 
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In a further embodiment, the ISS-containing polynucleotide is administered after 
esqjosure to a respiiatoiy virus, but prior to qjpearance of synqrtoms. Preferably, the ISS- 
containing polynucleotide is administered less than about three days after exposure, more 
preferably less than about one day, 12 hours, six hours or two hours after exposure, if the 
time of exposure is known or suspected. 

In another embodiment, the ISS-containing polynucleotide is administered after 
^earance of at least one symptom of respiratory virus infection- Preferably, ISS- 
containing polynucleotide is administered within about 28, 21, 14, 7, 5 or 3 days following 
q»pearance of a synqitom of respiratory virus infection. However, some infected 
individuals exhibiting symptoms will ah^ady have undertaken one or more courses of 
treatment with another therapy. In such individuals, or in individuals who fiiled to 
sedate the hnport of their symptoms, the ISS-containing polynuclebtide may be 
administered at any point following infection. 

AdditionaUy, treatments enq)loying an ISS-containii^g polynucleotide may also be 
employed m conjunction with other treatments or as 'second line' treatments employed 
after feilure of a 'first line' treatment Treatments for respiratory virus infection are known 
in the art 

ISS polynucleotides may be formulated in any form known in the art, such as dry 
powder, semi-solid or liquid fonnulations. For parenteral administration ISS 
polynucleotides preferably administered in a liquid formulation, although sohd or semi- 
solid formulations may also be acceptable, particularly where the ISS polynucleotide is 
formulatedinaslowreleasedepotform. ISS polynucleotides are generaUy formulated in 
Uquid or dry powder form for topical admmistration, although semi-soUd formulations may 
occasionally be useful 

ISS polynucleotide fonnulations may contain additional components such as salts, 
buffers, bulking agents, osmolytes, antioxidants, detergenb, surfactants and other 
pharmaceutically-acceptable exdpients as are known in the art Gmerally, Hquid ISS 
polynucleotide formulations made in USP water for injection and are sterile, isotonic and 
pH buffered to a physiologically-accqitable pH, such as about pH 6.8 to 7.5, 

ISS-containing polynucleotides may be formulated in deUvery vehicles such as 
Hposomes. oil/water emulsion or slow release depot formulations. Mefliods of formulating 
polynucleotides in such forms are weU known m the art 
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ISS'Containing polynucleotide foimuladons may also include or exclude 
immunoniodulatory agents such as adjuvants and imnxunosdmulatory cytokines, vMch are 
well known in the art 

A suitable dosage range or effective amount is oxie that provides the desired 
S reduction of symptoms and/or suppression of viral infection and depends on a numher of 
&ctors, includmg the particular respiratory virus, ISS sequence of the polynucleotide, 
molecular weight of the polynucleotide and route of administcattoru Dosages are generally 
selected by Ifae physician or other healthcare professional in accorda^ , 
parameters known in the art, such as severity of symptoms, history of the patient and the 

1 0 like. Gmerally, for an ISS-containing polynucleotide of about 20 bases, a dosage rac^e 

may be selected fix>m, for example, an iisdependently selected lower limit such as about 0.1^ 
0.25, 0.5, 1, 2, 5, 10, 20, 30, 40, 50, 60, 80, 100, 200, 300, 400 or 500 jig/kg up to an 
independently selected upper limit, greater than the lower limit, of about 60, 80, 100, 200» ' 
300, 400, 500, 750, 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000 or 10,000 

IS ^g/kg. For example, a dose may be about any of Ihe following: 0.1 to lOQ ^g/1%, 0.1 to 50 
j4g/kg, 0.1 to 25 jig/kg, 0.1 to 10 fig/kg, 1 to 500 fxg/kg, 100 to 400 jig/kg, 200 to 300 
^ig/kg, 1 to 100 lig/kg, 100 to 200 |ig/kg, 300 to 400 ^g/kg, 400 to 500 fig/kg, 500 to 1000 
^ig/kg, 500 to 5000 Jig/kg, or 500 to 10,000 fig/kg. Generally, parenteral routes of 
administration may require higher doses of ISS compared to more direct application to 

20 infected tissue, as do ISS-containing polynucleotides of ino-easing lengtiL 

Polynucleotides comprising an ISS may be administered by systemic (e.g., 
parenteral) or local (e.g., topical) administratioiL 

Li one embodiment, the ISS-containing polynucleotide(s) is topically administered, 
at a site of infection, such as respiratory mucosa (such as nasal passages or lung). 

25 Nasopharyngeal and pulmonary routes of admiinstration include, but axe not limited to, 
intranasal, inhalatioii,transbronchial and transalveolarrout^ The ISS-containing 
polynucleotide may thus be administered by inhalation of aerosols, atomized liquids or 
powders. Devicessuitablefor admiriistmtion by inhalation of ISS-containiogco^ 
include, but are not limited to, nebulizers, atomizers, vaporizers, and metered-dose inhalers. 

30 Nebulizers, atomizers, vaporizers and metered-dose inhalers filled with or raiployiag 
reservoirs containing formulations comprising the ISS-containing polynucleotide(s) are 
among a variety of devices suitable for use in inhalation delivety of the ISS-containing 
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polymicleotide(s). Other methods of delivering to respiratory mucosa include delivery of 
liquid foimulatioos, such as by nose drops. 

In other embodiments, the ISS-containii^ polynucleotide is administered 
parenteraUy. Parenteral routes of administratian include, but are not limited to, 
transdermal, transmucosal and direct injection. Parenteral administration by injection may 

be by any parenterd injection route, inchiding, but not limited to, intravenous (TSO 
intr^eritoneal (IP), intramuscular (IM), subcutaneous (SC) and intradennal CCD) routes. 
Transdennal and transmucosal administration may be accomplished by, for example, 
inclusion of a carrier (e.g., dimethylsulfoxide, DMSO), by application of electrical 
impulses (e.g., iontophoresis) or a combination thereof. A variety of devices are available 
for transdermal administration ^ch may be used in accordance with the invention. 

Because respiratory viruses infect cells of the respiratory tract, routes which deliver 
ISS polynucleotides to.the respiratory tract, such as inhalation and intranasal delivery 
(discussed- above), are considered local routes of administration rather than systemic routes 
of administtalion, even though delivery through such routes are normally considered 
parenteral, systemic routes of administration. 

IV, IP, IM and ID administration may be by bolus or infusion administratiQiL For 
SC administration, administration may be by bolus, infusion or by implantable device, such 
as an implantable minipump (e.^., osmotic or mechanical mmipump) or slow release 
inq)lant The ISS polynucleotide(s) may also be deUvered in a slow release formulation 
adapted for IV, IP, IM, ED or SC administration. Administration by inhalation is preferably 
accomplished in discrete doses (e.g., via a metered dose inhaler), although delivery similar 
to aainfiisionmay be accomplished through use of anebulizer. Administratian via the 
transdermal and transmucosal routes may be continuous or pulsatile. 
Respiratory syncytial virus (RSV) 

If the respiratory virus is RSV, administration (at least a first administration) 
preferably occurs less than about 10 days, preferably less than about 7 days, preferably 
aboutSdayspriortoexposureto virus. Even more preferably, admmistration(s) is local, 
such as aerosol administration to nasal and/or bronchial passages. The ISS containing 
polynucleotide may comprise the sequence 5'-T, C, G-3'. The ISS containing 
polynucleotide used preferably comprises the sequaice 5' - purine, purine, C, G, 
pyrimidine. pyrimidine C, 0-3% more preferably comprises 5' - AACGTTCG-3', and more 
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preferably comprises (ox, alternatively, consists of) the sequence 
5'-.TGACTGTGAACGTTCGAGATGA-3' (SEQIDNO:!), 

Assessment 

5 In some embodiments, administration of an ISS-containing polynucleotide results in 

prevention, palliation, and/or improvement in one or more symptoms of respiratory virus 
infection, such as RSV infection* The exact form of prevention, palliation or improvement 
^depend on the particular respiratory virus. In some embodinients, administration of an 
ISS-containing polynucleotide results in a reduction in viral titer (a reduction of ^hich 

10 indicates suppression of viral infection). In some embodiments, duration of respiratory 
viral infection is reduced. In o&er embodiments, viral iiifection is suppressed, v^ch 
be indicated by any one or more of a number of parameters, including, but not limited to, 
esctent of one or more symptoms and viral titer. 

Symptoms of infection may be assessed before and/or after administration of ISS- 

15 contaixung polynucleotide by the individual or the cliiiician. Rhinitis, nasal mucous 

production, severity of cougih, myalgia, elevated body temperature, and other symptoms of 
respiratory virus infection may be easily measured using simple tests and/or scales as are 
knoAvnintheart 

Viral titer may be assessed in biological samples using standard methods of the art. 

20 Levels of viral nucleic add may be assessed by isolating nucleic acid fiom the sample and 
blot analysis using a viral polyaucleotide sequence as a probe, or PGR analysis. Another 
assay is to test for virus particles in the sample. Another assay is for plaque forming units 
(PFU). Another assay measures virus induced cytopathic effects (CPE), such as formation 
ofsyncytia, as is described in the Examples. Extent or amount ofviral particles may be 

25 measured fiom any infected area, such as iiifected tissue or miicosal discharge. When the 
sample is a liquid, viral titer is calculated in some indication of number or amount of virus 
or virus particles (e.g., infectious particles, plaque forming units, infectious doses, or 
median tissue culture infectious doses (TCID SO)) per unit volume. In solid samples, such 
as a tissue sample, viral titer b calculated in virus particles per unit weight Reduction is 

30 indicated by comparing an estinmted titer (based, for example, on aiiimal or c^ 

studies) that represents untreated infection, and/or a titer measured at an earlier timepoint, 
with tiie measured viral titer after treatment 
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BSts of the Invention 

Tlie invention provides kits for canning out the mefliods of Ihe mv^ 
Accordingly, a variety of kits are provided. The kits may be used for any one or more of 
the following (and, accordingly, may contain instructions for any one or more of tiie 
following uses): reducing severity of a symptom of a respiratory virus infection in an 
individual at risk of being exposed to, esqposed to or infected by a respiratory virus; 
suppressing infection in an individual at risk of being exposed to, exposed to or infected by 
arespiratory virus; preventing a symptom of a respnatoiy virus infection in an individual at 
risk of being exposed to, exposed to or infected by a respiratory virus; delaying 
devdopment of a symptom of a respiratory vims infection in an individual at risk of being 
exposed to, exposed to or infected by a respiratory virus; reducing duration of a respiratoiy 
virus infection in an individual at risk of being exposed to, ejqjosed to or infected by a 
respiratory virus. As is understood in the art, any one or more of these uses would be 
inchjded in instructions directed to treating or preventing a respiratory virus infection. 

ITie kits of the invention comprise one or more containers conqnising an ISS- 
containing polynucleotide and a set of instructions, generally written instructions although 
electronic storage media (e.g:, magnetic diskette or optical disk) containing instructions are 
also acceptable, relating to tiie use and dosage of tiie ISS-containing polynucleotide for tiie 
intended treatment {e.g., reducing severity of a symptoms of a respiratory virus infection in 
an individual at risk of being exposed to, exposed to, or infected by a resfpiratory vims, 
si^ssing infection in an individual at risk of being ejqjosed to, exposed to, or infected by 
a respiratory virus, preventing a symptom of a respiratory virus infection in an individual at 
risk of being esqjosed to, exposed to, or infected by a respiratory virus, delaying 
development of a symptom of a req)iratory virus infection in an individual at risk of being 
ejcposed to, exposed to, or infected by a respiratory virus, and/or reducing duration of a 
respiratory virus infection in an individual at risk of being exposed to, exposed to, or 
infected by a respiratoiy vims). The instructions included with lie kit generally inchide 
information as to dosage, dosing schedule, and route of administration for flie intended 
treatment The containers of ISS^nlaining polynucleotide may be unit doses, bulk 
packages (e.^., multi-dose vials) or sub-unit doses. 

TTie kits of tiie invention do not include any packages or containers yM^ contain 

viral antigens from tiie respiratory viras(es) the kit is intended to be used to treat For 
example, in akitint^ded for the prevention, suppression, amelioration or treatment of 
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RSV, neiUiex Uxe coirtaaner(s) comprising the ISS-contaiBing polynucleotide nor any oftier 
containers in tbe kit contain viral antigens jfrom the RSV. 

The ISS-containing polynucleotide component of the kit may be packaged in any 
convenient, appropriate packaging. Forexample^iftheISSisaj&eeze-dri6dfbnniilatioja,a 
5 vial vnUi a r^ilient stopper is normally used, so that the drug may be easily reconstituted 
by injecting fluid through the resilient stopper. Ampoules ^thnon^resili^t, removable 
closures (e.g., sealed glass) or with resilient stoppers are most convenieotly used for 
injectable forms of ISS. Also, prefilled syringes may be used when the kit is supplied with 
a liquid formulation of the ISS-<:ontaining polynucleotide. The kit may contain the ISS in 

10 an ointment for topical formulation in appropriate packaging. Also contemplated are 
packages for use in combination with a specific device, such as an inhaler, nasal 
administration device (e.g., an atomizer) or an infusion device such as a minipump or 
transdermal administration device. 

As stated above, any ISS-containing polynucleotide described herein may be used, 

15 such as, for example, any polynucleotide comprising any of the foUoAving ISS: the 
sequence 5'-cytosine, guanine-3', the sequence 5'-T, C, G-3*, the sequence 5'-C, G, 
pyrimidine, pyrimidioe, C, the sequence 5'-purine, purine, C, G, pyrimidine, 
pyrimidine, C, G-3', the sequence 5'-purine, purine, C, G, pyrimidine, pyrimiditie, C, C-3'; 
the sequence SEQ ID NO: 1 ; tiie sequence 5*-purine, purine, B, G, pyrimidine, 

20 pyrimidine-3* wh^ein B is 5-bromocytosine or the sequence 5'-puiine, purine, B, G, 
pyrimidine, i^rrimidine, C, G-3' wherein B is 5-hromocytosine. 



The following Examples are provided to illustrate, but not limit, the invention. 

25 EXAMPLES 

Example 1; Animal model and experimental methods for respiratory viruses 

Rat model for RSV infection and ISS administration 

Cotton rats, 50-100 g and 4-12 weeks old (Sigmoden hispidis) of either sex ^yere 
used in these studies. Alloftheanimalsweredescendantsoftwopair of cotton rats 
30 obtained in 1984 from the Small Animal Section of the Veterinary Research Branch, 
Division of Research Services, National Institutes of Health. 

RSV strain A2 was purchased from the ATCC(ATCCVR26). Working stocks of 

this virus were prepared as described m detail by Wyde et al (1995) Fediatr. Res. 38:543- 

30 
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550. ISS sequence tested for RSV experiments was 5'- 

TGACTGTGAACGTTCGAGATGA-3' (SEQ ID N0:1) (phosphorothioate). Control, 
non-ISS sequences used were 5'-TGACTGTGAAGGTrAGAGATGA-3' (SEQ ID N0:9) 
(phosphorothioate) and 5*-TCA(:TCrcrTCCrTACTCTTCT-.3' (SEQ ID NO:10) 
(phosphoroihioate), as well as PBS. 
Assay for BSVviral titer 

RSV levels in virus pools and lung lavage fluids (L.F.) were determined using 
sterile 96-well, flat bottom tissue culture plates (Falcon 3072), serial 3-fold dilutions and 
2% PCS-MEM as described in detail previously (Wyde etaL, 1995). The wells in these 
assay plates were observed for virus-induced cytopalhic effects (CPE) includii^ formation 
of synctia. After the dilutions in the last wells of replicate rows exhibiting virus-induced 
CPE were determined, mean virus titers were calculated using the method of Karber, 
Rhodes and Van Rhodes and Van Rooyen (1953) Textbook of Virology (2nd ed. Williams 
and Wilkinspp 66-69). The amount ofvirus in vmis pools was ejcpiessed as a median 
tissue culture infectious doses (TCIDso/ml, logio). Titers ofvirus in L.F. were expressed as 
TCIDso/g lung tissue (togw). The minimum detectable virus concentration in these assays 
was 1 .3 logio TQDso/knl (virus pools) or 1 .6 logio TCIDso/g lui^. 

Example 2; Local administration of ISS redaceg BSV viral titer 

These experiments were performed to test the effect of local administration of ISS 
in temw of antiviral activfty against lespitatory syncytial virus (RSV) in cotton rats. 

On day -3 (i.e., 3 days before infection with virus), 20 cotton rats iCRs) were 
selected and divided into five groups of four animals. The animals in Group 1 were lightly 
anesthetized and 50 pL of phosphate buffered saline (PBS) was administered mtranasally 
(EN). The CRs m Groiq) 2 were similarly administered 150 |ig of ISS (5*- 
TGACTGTGAACGTTCGAGATGA-3') (SEQ IDN0:1). while the animals in Group 3 
were shnilariy administered 150 of control non-ISS sequence 5'- 
TGACTGTGAAGGTTAOAGATGAO' (SEQ ID N0:9). Three days later, on Day 0, each 
of CRs in Group 4 were anesthetized and 150 jig of ISS was administered IN, and the 
animals in Group 5 were administered, in a like manner, 150 ng of control non-ISS 
sequence 5'-TGACTGTGAAGGTTAGAGATGA.3' (SEQ ID N0:9). 

Thirty minutes later, all of the CRs were inoculated IN with 100 median tissue 

culture infectious doses (JODso) of RSV A2, Four days later (Day 4), aU of the animals 
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were sacrificed and the lungs of each animal were removed, lavaged, and assessed for RSV 
levels. A summary ofthe protocol is shown in Table L The results are shown in Figure 1 
and Table 2, 



Table Ir Protocol 
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Table 2: RSV Titers 
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Using the Kniskall-Wallis no nparam etric ANOVA pF=0«Q61, not quite statistically significant 



These results indicate that administration of ISS reduced viral titer in infected tissue 
compared to PBS or noDrISS administration. The results also indicate that a first 
adnunistration of ISS on &e day of infection was not efTective, while administration before 
infection (in this e^qperiment, 3 days) was effective at reducing viral titers. 

Example 3: Non-local administration of ISS and RSV viral titer 

These esqieriments were performed to test the effect of non-local administration of 
ISS in terms of antiviral activity against RSV in cotton rats. 

Twenty cotton rats were divided into 5 groups of 4 animals. Administered to these 
animals, eidier intraperitoneally (IP) or subcutaneously (SC), was PBS, immunostimulatory 
sequence (ISS) 5'^TGACTGTGAACGTTCGAGATGA-3' (SEQ ID N0:1) or non-ISS 
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seqtience S'-TCACTCrCTrCClTACTCTTCT-S' (SEQ IDNO:10), each sequence at 
150 ]ig^jection. Qn Day 0 each of these animals was inoculated IN -with 100 TCEDso of 
RSV A2. Four days later each cotton rat was sacrificed. The lungs of each animal were 
removed, lavaged and assessed for RSV. The protocol is summaiized in Table 3. The 
results &om IP administration ate shown in Table 4. Hie results from SC administration 
are shown in Table S. 



Tables. Protocol 
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Table 4. RSV Titers 
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Tables. RSV titers 
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In each esxperiment, IP and SC administration of 150 )xg of ISS- containing 
polynucleotide failed to cause a statistically significant reduction in viral titers compared to 
PBS adniinistratioiL 

Exam ple 4; Local adtninWrfltian of ISS and j nfhiPiiTO v jral titer 

5 These experiments were performed to test the eSect of local administration of ISS 

in terms of antiviral activity against ioflnenza vims in mice. 

Thirty-five mice were divided into 5 groups of 7 animals eack On Day -3 (relative 
to virus inoculation), PBS (50 ^1) was administered intranasally (IN) to the animals in 
Group 1, while ISS 5'-TGACrGTGAACGTTCGAGATGA-3* (SEQ ID NO:l) was 

10 administered IN (SO fig in SO pl/mouse) to the animals in Qtoxsp 2 and non-ISS control 

sequence S'-TGACTGTGAAGGTTAGAGATGA-S' (SEQ ID NO:9) was administered IN 
(50 Jig in 50 pj/mouse) to the animals in Group 3. Three days later pay 0), ISS 
(50 jig/raouse) or non-ISS control of sequence (50 (ig/noDuse) were administered IN to the 
animals in Groiqps 4 and 5, respectively. On day 0, 50 pi of PBS was administered IN to 

15 the animals in Group 1. Shortly after these administrations on day 0, afl of the mice were 
inoculated IN with approximately 100 median tissue culture infectious doses (TdDso) of 
influenza A/Mississq>pi (H3N2) virus. Four days later, all of the mice were sacrificed and 
thehmgsof each were tested for influenza virus titer. The protocol is sunmiarized in 
Table 6. The results are summarized in Table 7. The results show that IN administration 

20 of this dose of ISS before viral infection &ils to cause a satisfactory significant reduction in 
virus titer compared to PBS administration. 
Table 6. Protocol 
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Table?. LDtfiuenza Virus Titers 
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t^anmfc 5; Non-local adminfaw jon of KS and influenaa viral titer 

These experiments were perfonned to test the effect of non-local administration of 
ISS in terms of antiviral activity against infhienza virus in mice. 

Twenty-five mice were divided into 5 groups of 5 animals eacL On Day -3 
(relative to virus inoculation), PBS was administered intraperitoneally (IP) to the animals in 
Group 1. while ISS 5'-TGACTGTGAACGTTCGAGATGA-3' (SEQ ID N0:1) was 
administered IP (50 |ig/monse) to the animals in Group 3 and non-ISS control sequence 5'- 
TCACrCTCrrCCrTACrCTTCr-3' (SEQ id NO:10) was administered IP 
(50 jig^mouse) to the animals in Group 5. On Day -1, ISS (50 ng/inouse) or non-ISS 
control of sequence (50 ^g^mouse) were administered IP to the animals in Groups 2 and 4, 
respectively. The next day (Day 0), all of the mice were inoculated intranasaHy (IN) with 
t?)proximately 100 median TCID50 of influenza A/Mississippi (H3N2) virus. Four days 
later, all of the mice were sacrificed and the hangs of each were tested for influenza virus 
titer. The protocol is summarized in Table 8. The results are summarized in Table 9. The 
results show that IP administration of this dose of ISS before viral infection foils to cause a 
satisfectory significant reduction in virus titer con5)ared to PBS administratioa 
Tables. Protocol 
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Table 9. Lifluenza Virus liters 
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The present iavention has been detailed both by direct description and by example. 
Equivalents and modifications of the present invention will be apparent to those skilled in 
the art, and are encon]{>a$sed within the scope of the invention. 
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CLAIMS 

What is claimed is: ' 

1. A meliiod of suppressing a respiratory syncyM virus (RSV)ii^ 
individual who has beaa «q)osed to RSV, con^riang administering a composition 
comprising a polynucleotide comprising an inmnmostimulatary sequence (ISS) to said 
individual, wherein the ISS comprises the sequence 5'-C, G-3% wherein an RSV antigen is 
not administered in coqunction with administration of said composition, and \niierein said 
composition is administered in an amount sufficient to sojypress a RSV iofectioiL 

2. The method of claim 1, i^erein the ISS comprises the sequence 5'-T, C, G-3'. 

3. The method of claim 1, v^^aram the ISS comprises the sequence 5'-purine, 
purine, C, G, pyrimidine, pyrimidine, C, G-3' or 5'-purine, purine, C, G, pyrimidine, 
pyiimidine, C, C-3'. 

4. The method of claim 3, wherein the ISS coniprises a sequence selected fiom the 
group consisting of 5'-AACGTTCC-3', 5'-AACGTrCG-3% 5'-GACGTTCC-3', and 5'- 
GACGTTCG-3'. 

5. The method ofclaiml, wherein the ISS coinprises the sequence 
5'-TGACTGTGAACGTTCGAGATGA-3' (SEQ ID NO:l). 

6. The method of claim 1 , wherein the individual is a mammal. 

7. The method of claim 1, herein administration is at a site of exposure. 

8. The method of claim 7, v^eiein the site of ejqwsuie is respiratory mucosa. 

9. The method of daim 7, wheiein the site of exposure is the nasal passages. 

10. The mefliod of daim 1, wherdn the suppression comprises a reduction of RSV 
titer in a biological sample from said individual. 

1 1. A kit for use in suppressing a respiratory syncytial virus (RSV) infection in an 
individual infected with or exposed to RSV, comprising: 
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a composition comprisiiig a polynucleotide comprising an immimostimnlatoxy 
sequence QSS), vibsrcm the ISS comprises the sequence 5'-C, and wherein said kit 
does not comprises an RSV antigen; and 

instructions for administration of said conq)osition to an individual in&cted with or 
5 e5q)osed to RSV to suppress RSVinfectioiL 

12- Thekitof claim 11, wherein the ISS comprises the sequence 5*-T,C,^ 

13. The kit of claim 11, lA^erein the ISS comprises the sequence S'-purine, purine, 
C, G, pyrimidine, pyrimidine, C, G-3' or 5'-purine, purine, C, G, pyrimidine, pyiimidine, 
C, C-3\ 

10 14. The kit of claim 13, wherein the ISS comprises a sequence Selected from the 

group consisting of 5'-AACGTTCC-3', S'-^AACGTTCG-S', 5*-GACGTTCC-3' and 5'- 
GACGTTCG^S'. 

IS. Thekitof claim 11, \s*ierein the ISS comprises the sequence 
5'-TGACTGTGAACGTTCGAGATGA-3' (SEQ ID NO:l> 
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